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Data collection 

Agilent SuperNova Dual 
diffractometer with an Atlas 
detector 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2010) 
Tna,, = 0.418, T max = 0.569 

Refinement 

R[F 2 > 2a(F 2 )} = 0.025 

wR(F 2 ) = 0.069 

S = 1.02 

2593 reflections 



4619 measured reflections 
2593 independent reflections 
2542 reflections with / > 2a(l) 
R in , = 0.012 



181 parameters 

H-atom parameters constrained 
A/W = 0.39 e A~ 3 
AAmn = -0-66 e A~ 3 



Received 1 1 September 201 1 ; accepted 1 1 September 201 1 

Key indicators: single-crystal X-ray study; T = 1 00 K; mean rj(C-C) = 0.003 A; 
R factor = 0.025; wR factor = 0.069; data-to-parameter ratio = 14.3. 

In the title compound, Ci6H n BrN 2 0, the phenyl and chloro- 
benzene rings are twisted out of the mean plane of the 
pyrazole ring, forming dihedral angles of 13.70 (10) and 
36.48 (10)°, respectively. The carbaldehyde group is also 
twisted out of the pyrazole plane [the C— C— C— O torsion 
angle is 7.9 (3)°]. A helical supramolecular chain along the b 
axis and mediated by C— H- ■ O interactions is the most 
prominent feature of the crystal packing. 

Related literature 

For background details and biological applications of pyra- 
zoles, see: Kaushik et al. (2010); Ali et al. (2007); Krishna- 
murthy et al. (2004). For a related structure, see: Asiri et al. 
(2011). 
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Experimental 

Crystal data 

C 16 H u BrN 2 0 Monoclinic, Pljn 

M r = 327.18 a = 17.7233 (4) A 



Table 1 

Hydrogen-bond geometry (A, °). 



D-H- - A 


D-H 


H-A 


D- ■ A 


D-H- - A 


C12-H12-01' 


0.95 


2.49 


3.435 (2) 


171 


C16-H16-01" 


0.95 


2.46 


3.288 (3) 


145 


Symmetry codes: (i) — x 


+ 5.V + 1,- 


+ («) -x- 


t-i.y-1 -z + | 





Data collection: CrysAlis PRO (Agilent, 2010); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997) and DIAMOND (Brandenburg, 2006); 
software used to prepare material for publication: publCIF (Westrip, 
2010). 

PB acknowledges the Department of Science and Tech- 
nology (DST), India, for a research grant (SR/FTP/CS-57/ 
2007). The authors also thank the University of Malaya for 
support of the crystallographic facility. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: HB6403). 
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3-(4-Bromophenyl)-l-phenyl-l//-pyrazole-4-carbaldehyde 
R. Prasath, P. Bhavana, S. W. Ng and E. R. T. Tiekink 

Comment 

A broad spectrum of biological activities [anti-bacterial, anti-depressant, anti-convulsive, anti-hypertensive, anti-oxidant 
anti-viral and anti-tumour] have been noted for pyrazoles and their derivatives (Kaushik et ah, 2010; Ali et ah, 2007; 
Krishnamurthy et ah, 2004). In continuation of structural studies in this area (Asiri et ah, 2011), the title compound, (I), 
was investigated. 

The dihedral angles formed between the central pyrazole ring [r.m.s. deviation = 0.003 A] and the N- and C-bound ben- 
zene rings of 13.70 (10) and 36.48 (10) °, respectively, indicate significant twists in the molecule of (I), Fig. 1. Similarly, the 
carbaldehyde group is twisted out of the plane of the five-membered ring as seen in the value of the C13 — C14 — C16 — Ol 
torsion angle of 7.9 (3) °. The relative disposition of the benzene rings preclude close intermolecular association with the 
imine-N2 atom which, indeed, forms a close intramolecular C2 — H-- N2 contact, Table 1. 

The crystal packing features C — H-0 interactions involving a bifurcated carbonyl-Ol atom, Table 1. These result in the 
formation of a helical supramolecular chain along the b axis, Fig. 2. 

Experimental 

Phosphoryl chloride (5.6 ml) was added drop wise to cold AyV-dimethylformamide (22.5 ml) under continuous stirring at 
273-278 K for about 30 min. 4-Bromoacetophenone phenylhydrazone (5 g, 17 mmol) was added to the above reaction 
mixture. The resulting mixture was further stirred at 333 K for 6 h. and cooled to room temperature. The crude product was 
poured into crushed ice which resulted in a white precipitate. The resultant solid was filtered, dried and purified by column 
chromatography using chloroform. Recrystallization was by slow evaporation of chloroform solution of (I) which yielded 
colourless prisms. Mpt. 413-415 K. Yield: 56%. 

Refinement 

Carbon-bound H-atoms were placed in calculated positions [C 
refinement in the riding model approximation. 

Figures 



Fig. 1 . The molecular structures of (I) showing displacement ellipsoids at the 70% probability 
level. 



— H 0.95 A, £/ iso (H) = 1.2t/ eq (C)] and were included in the 
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Fig. 2. Helical supramolecular chain in (I) mediated by C — H-0 (orange dashed lines) inter- 
actions. 



3-(4-Bromophenyl)-1 -phenyl-1 H-pyrazole-4-carbaldehyde 



Crystal data 




Ci 6 H n BrN 2 0 


^(000) = 656 


M r = 327.18 


D x = 1.655 MgrrT 3 


Monoclinic, P2\ln 


Cu & radiation, X,= 1.54184 A 


Hall symbol: -P 2yn 


Cell parameters from 3680 reflections 


a = 17.7233 (4) A 


9 = 2.7-74.1° 


6 = 3.8630 (1) A 


\i = 4.23 mm 1 


c = 20.4224 (5) A 


T= 100 K 


(3=110.137(3)° 


Prism, colourless 


V= 1312.75 (6) A 3 


0.25 x 0.20 x 0.15 mm 


Z=4 





Data collection 



Agilent SuperNova Dual 
diffractometer with an Atlas detector 
Radiation source: SuperNova (Cu) X-ray Source 
Mirror 

Detector resolution: 10.4041 pixels mm" 1 
co scans 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2010) 
7 min = 0.418, J max = 0.569 
4619 measured reflections 



2593 independent reflections 

2542 reflections with / > 2a(I) 
R int = 0.012 

©max — 74.3 , 0 m i n — 2.9 

h = -21^21 
k = -4^4 
/ = -19^25 



Refinement 



Refinement on F 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.025 
wR(F 2 ) = 0.069 

S= 1.02 

2593 reflections 
181 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[o 2 (Fo 2 ) + (0.0432P) 2 + 1 .2934P] 
where P = (F 0 2 + 2F c 2 )/3 
(A/a) max = 0.004 

A Pma x = 0.39eA" 3 

Ap m i„ = -0.66 e A~ 3 
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Special details 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; correlations between 
s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell s.u.'s is 
used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , conventional 

R- factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2o(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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Atomic displacement parameters (A 2 ) 
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CI J — JN 1 — JN2 — CIS 


n i c> \ 

-0.1 (2) 


o - 1 pm pi 1 pn 
Brl — CIU — Cll — C1Z 




1 *7n o 1 /1 c\ 
—l /y.ol (1 J) 


pi \T1 Ml n c 

CI — JN 1 — JN2 — CI J 


1 /o.3y (lo) 


Pin pi 1 pn p-7 

CIU — Cll — C1Z — c/ 




n o 
— U.o (3) 


pi 1 v 1 pi p/r 

CI J — JN 1 — CI — Co 


-14.2 (3) 


p o pt pn pi 1 
Co — C / — C 1 Z — C 1 1 




n n 

0.9 (3) 


Ml P1 p/; 

JN2 — JN 1 — CI — Co 


i cn cn / 1 *7\ 
lo /.jy (1 /) 


pic p-7 pn pi 1 
C 1 J — C / — C 1 Z — C 1 1 




1 *70 nc /1 o\ 
— 1 /o.yj (lo) 


PI -> \T 1 pi pT 

CI J — JN 1 — CI — C2 


1 £/1 CC ( 1 0\ 

1o4.oj (lo) 


xti xti rn n /i 
JNZ — JN 1 — C13 — C14 




0.3 (2) 


JN2 — JN 1 — CI — C2 


13 .4 (3) 


p 1 mi p| 1 P1/1 

CI — JN 1 — C13 — C14 




1 *70 f\A ( 1 *7\ 

_ 1 /o.U4 (1 /) 


p/r pi pT pi 

Co — C 1 — C2 — Cj 


-0.4 (3) 


xt 1 rn p i /i pi c 
JN 1 — CI 3 — C14 — CI j 




-0.3 (2) 


\T 1 pi PO pi 

JN 1 — CI — C2 — Cj 


— i /y.44 i) 


XT 1 p 1 i p 1 A p 1 /T 

JN 1 — CI 3 — C14 — ClO 




1 71 CO ( 1 0\ 

1 /3.JO (lo) 


pi pt pi p/i 
CI — C2 — Cj — C4 


i n n\ 

1.0 (3) 


xti xti n c. n /i 
JN 1 — JNZ — CI j — C14 




n 1 ^">^ 
-0.1 (2) 


n pi p/i pc 
C2 — Cj — C4 — CD 


-0.7 (3) 


XT1 XTI PK /^*7 

JN 1 — JNZ — CI J — C / 




1 *70 *7/i / 1 /Z\ 

1 /o. /o (lo) 


pi p/i pc p/; 
CJ — C4 — CD — Co 


-0.1 (3) 


pn p 1 /i pic xti 
C13 — C14 — CI j — JNZ 




0.3 (2) 


n P1 p/r pc 

C2 — CI — Co — CD 


-0.4 (3) 


p 1 r p 1 /i pic XTI 

Clo — C14 — CI j — JNZ 




1 Ti /i / 1 n\ 

-1 /3.44 (iy) 


\ii pi p/; pc 
JN 1 — CI — Co — CD 


1 *70 cn ( 1 0\ 

1 /o.jv (lo) 


pn p 1 /i pi c p-7 
C 1 3 — C 1 4 — C 1 j — C / 




1 HQ AC\ ( 1 0\ 

—i /o.4y (lO) 


p/i pc p/; pi 
C4 — CD — Co — C 1 


n "7 /"3\ 

0.7 (3) 


PI /• pi /| P1C P"7 

C 1 0 — C 1 4 — C 1 j — C / 




7.8 (3) 


C12— C7— C8— C9 


-0.2 (3) 


C8— C7— CI 5— N2 




37.3 (3) 


CI 5— C7— C8— C9 


179.64 (17) 


C12— C7— C15— N2 




-142.86 (19) 


C7— C8— C9— CIO 


-0.6 (3) 


C8— C7— CI 5— C14 




-143.99 (19) 


C8— C9— CIO— Cll 


0.7 (3) 


C12— C7— C15— C14 




35.8 (3) 


C8— C9— CIO— Brl 


-179.51 (15) 


C13— C14— C16— Ol 




7.9 (3) 




U.U (j) 


\^ 1 J \^ 1 H 1 0 \J 1 




— 1 7Q fSX (\C£\ 

i /y.oj (iy) 


Hydrogen-bond geometry (A, °) 










D—H-A 


D — H 


H-A 




D — H 


C12— H12 -01' 


0.95 


2.49 


3.435 (2) 


171 


C16— H16-01" 


0.95 


2.46 


3.288 (3) 


145 
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Symmetry codes: (i) -x+3/2, y+\/2, -z+3/2; (ii) -x+3/2, -z+3/2. 
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